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(57) The invention is directed to a method of con- 
trolling a working machine in a construction equipment, 
wherein a path of a distal end of a tip working machine 
(3) such as a bucket is automatically controlled to follow 



a target path by an actuator controlling means. Accord- 
ing to the invention it is automatically determined wheth- 
er the tip working machine (3) is excavating in a pushing 
direction or a pulling direction in accordance with an op- 
erating condition. 
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Description 

Technical Field 

The present invention relates to a method of selection an automatic operation mode of a working machine, whereby 
whether the control of an angle to the ground of a tip working machine with a bucket or the like should be carried out 
is automatically determined without setting through an input by an operator in construction equipment with a link-type 
working machine such as a hydraulic power shovel, wherein path control of the working machine is carried out 

Background Art 

Fig. 1 shows a working machine of a hydraulic power shovel; 1 is a boom, 2 is an arm, 3 is a bucket, 4 is a boom 
cylinder, 5 is an arm cylinder, and 6 is a bucket cylinder. The boom 1 , the arm 2, and the bucket 3 are turned by 
extending and contracting the cylinders, causing a distal end of the bucket 3 to draw a predetermined path for exca- 
vation. 

Conventionally, in automatic excavating path correction work by a hydraulic power shovel on a slope, as shown 
in Fig. 2A, there are the following two modes; in one mode (nose-fixed mode), the two axes, namely, the boom 1 and 
the arm 2, are interlocked to make the bucket nose excavate and finish a flat surface, and in the other mode (fixed- 
angle to the ground mode), three axes, namely, the boom 1 , the arm 2, and the bucket 3 are interlocked as shown in 
Fig. 2B to perform excavation and finish by a bottom surface of the bucket. Before beginning automatic operation, an 
operator must select between these two modes through a switch or the like. 

As a prior art for automatically selecting the modes, there is one disclosed in Japanese Patent Laid-Open No. 
2-47432 publication, wherein a boom angle &, , an arm angle a bucket angle 6 3 , a body inclination 6 0 , and a target 
excavating grade G shown in Fig. 3 are entered, an angle to the ground p of the bottom surface of the bucket with 
respect to the flat surface, which is to be excavated, at the beginning of the automatic operation is determined from a 
formula (1 ) below, and the computation result is compared with a predetermined value, thereby automatically deter- 
mining the mode. 



(where a is a nose angle of the bucket) 
Generally, in the case of the bucket used for the hydraulic power shovel, a standard tooth bucket shown in Fig. 
4A needs to be replaced by various special buckets according to each work. On the other hand, however, a slope 
finishing bucket shown in Fig. 4B alone comes in an infinite number of shapes, and there are more buckets, which are 
produced at general iron works, than genuine buckets produced by construction equipment manufacturers, those pro- 
duced by general iron works varying in dimensions from one bucket to another except for pin intervals of the buckets. 
In other words, the use of a method, wherein the mode is determined by determining the angle to the ground p of the 
bucket bottom surface, poses a problem in that the nose angle a of the bucket must be corrected each time the bucket 
is changed except a predetermined bucket is used. 

Further, when automatic operation is performed for other purposes than excavation, if the position of a hook is 
linearly moved in suspension work, for example, as shown in Fig. 5, the automatic determination according to the mode 
(determination method described erroneously concludes that it is the nose-fixed mode because of a significant difference 
petween a target direction of movement and an orientation of the angle to the ground p of the bottom surface of the 
bucket. This presents a problem in that the hook point moves as indicated by a solid line rather than moving along a 



1 Hence, in order to hold the current angle to the ground p when the direction of the movement of the working 
machine is given, the bucket 3 must be turned either to a dump truck side or an excavating side. For instance, a shown 
in Fig. 6A, if the angle of movement of the bucket on the excavating side is small, then it soon becomes impossible to 
hold the angle to the ground p in the fixed-angle to the ground mode; therefore, it is very likely that the operator's 
intention is the nose-fixed mode. On the other hand, if a bucket attitude angle y, which is a relative attitude of the bucket 
3 with respect to the arm 2, is large as shown in Fig. 6B, then the resulting path partially extends beyond (as shown 
by a hatched area) an arc drawn by the bucket nose point in the nose-fixed mode wherein the arm 2 is turned without 
moving the bucket 3; therefore, a target excavating surface is ruined in the hatched area during automatic operation. 
Hence, it is very likely that the operator's intention in this case is the fixed-angle to the ground mode. Therefore, it is 
necessary to calculate these two possibilities and determine the automatic operation mode according to the magnitude 
of the calculated values. 



P = 3/2 n - (9 0 + G 1 + 9 2 + 8 3 + G + a) 



(1) 




which the operator intends. 
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Furthermore, as an art for automatic operation in the power shovel, for example, there is one disclosed in Japanese 
Patent Laid-Open No. 2-221527 publication, which comprises an actuator controlling means, which controls actuators 
for an excavator, a working machine attitude detecting means, which detects the attitude angles of the boom, arm, and 
tip working machine of an excavating machine, a grade input means, which gives a target excavating grade for a 

s surface to be excavated by the tip working machine, a distal end inclination input means, which gives a target inclination 
of the tip working machine with respect to a reference plane, and an actuator operating amount computing means, 
which computes an operating amount for moving the tip working machine at a determined specific speed with the given 
inclination and the given excavating grade in response to a detected value received from the working machine attitude 
detecting means and command values received from the grade input means and the tip inclination input means, and 

10 supplies the computed value to the actuator controlling means. 

In such a control apparatus, however, it is necessary to specify input signals including a grade input, control incli- 
nation input, and excavating direction input for the excavating conditions of a slope surface by the time the automatic 
operation is begun. Furthermore, there is a problem in that the operating for entering the input signals is easily forgotten 
and all inputs must be checked for correctness each time before the automatic operation is started. 

15 

Disclosure of the Invention 

It is an object of the present invention to provide a method whereby the operation mode can be automatically 
determined without the need of determining the angle to the ground p formed by the bottom surface of the bucket and 

20 a target grade, the need for correcting the specific nose angle a even when the bucket is replaced by any optional 
bucket of a special shape, the path control intended by an operator can be better performed automatically even when 
the suspension work is performed by a hook attached to the rear of the bucket since the operation mode is automatically 
determined by an allowable angle to the ground and the attitude of the nose, the arithmetic processing can be performed 
easily, and the automatic determination of the operation mode can be performed more easily. 

25 it is another object of the present invention to provide a method whereby operator fatigue from operation is reduced 

to a minimum and operation errors are prevented during excavating work by entering the signals for the excavating 
direction among the signals entered during the excavating work. 

According to the aspect of the present invention, since it is an almost established fact that the excavation is in the 
pulling direction when the distal end of the working machine at the beginning of the excavation is positioned at the 

30 back of a working area or in the pushing direction when it is positioned at the front, the working area is divided into two 
areas A and B by a boundary; a position detecting means provided on a working machine, which can be operated 
automatically, determines to which of these two areas A and B a working condition such as the angle and position of 
the working machine belongs, thus determining whether the excavation is in the pushing direction or the pulling direction 
in accordance with the determination result. For determining the direction of the excavation, priority may be given to 

35 a command received from an external input switch. 

Brief Description of the Drawings 

Fig. 1 is a configuration explanatory view which shows the working machine of the hydraulic power shovel; Fig. 

40 2A is a configuration explanatory view which shows the nose-fixed mode; Fig. 2B is a configuration explanatory view 
which shows the fixed-angle to the ground mode; Fig. 3 is a work explanatory view of the prior art; Fig. 4A is a side 
view which shows the standard tooth bucket; Fig. 4B is a side view which shows the sbpe surface bucket; Fig. 5 is a 
work explanatory view which shows the suspension work by the bucket; Fig. 6 A is a work view which shows a state 
wherein the possibility of being the nose-fixed mode is high; Fig. 6B is a work view which shows a state wherein the 

45 possibility of being the bucket fixed-angle to the ground mode is high. 

Fig. 12 is a block diagram which shows the embodiment of the present invention; Fig. 1 3 is an explanatory view 
of the attitude of each component of the working machine; Fig. 14 is a work explanatory view which shows a case 
wherein the working direction is divided into two in accordance with the angle of the arm; Fig. 15 is an explanatory 
view which shows two-dimensional a case wherein the working direction is determined in accordance with the angle 

so of the arm; Fig. 1 6 is an explanatory view which shows two-dimensionally a case wherein the working direction is 
determined in accordance with the angle of the arm and the angle of the boom; Fig. 17 is an explanatory view which 
shows two-dimensional ly a case wherein the working direction is determined by conversion to an x-y coordinate; Fig. 
18A and Fig. 18B are other explanatory views which show two-dimensionally a case wherein the working direction is 
determined by conversion to an x-y coordinate; and Fig. 19 is a flowchart for determining the working direction by 

55 means of the external input switch. 

Fig. 12 is the block diagram which shows the embodiment. For the sake of the description given below; the angles 
and positions of the individual components of the power shovel are defined as shown in Fig. 1 3. Specifically, the turning 
angle of a boom 11 is defined as Bj, the turning angle of an arm 12 as 62, the turning angle of a bucket 1 3 as 63, the 
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inclination of the bucket 13 with respect to the horizontal surface (reference surface) as the length of the boom 11 
as L v the length of the arm 12 as l_2, the length of the bucket 13 as the longitudinal position of the distal end of the 
bucket 1 3 as x, the vertical position of the distal end of the bucket as y, and a target excavating grade as 0. 

In such a configuration, a grade command 8a from a grade input means 17, a bucket inclination command $a from 
a distal end inclination input means 1 8, a detected value 6^ of the boom angle, a detected value 6^a of the arm angle, 
and a detection value 6^a of the bucket angle from working machine attitude detecting means 20a, 20b, and 20c, 
respectively, are supplied to an actuator operating amount computing means 1 9. This actuator operating amount com- 
puting means 19 calcjjIatesatarQ et inclination of the buckeMj. a taroej^path of the.nose.-and an actual inclination 
and an actual path of the bucke t.13, then it calculates flow command values VB 1( Vfl^ and V83 of a fluid to be supplied 
10 ft to the actuators for the boom 1 1 , the arm 1 2, and the bucket 1 3 in order to move along the target path at the obtained 
bucket inclination. Based on the computed values, flow control valves 21 a, 21 b, and 21 c are controlled to drive cylinders 
14, 15, and 16. 

On the other hand, 19a is an excavating direction determining section which determines the excavating direction 
of the bucket 13 in accordance with the detected values &,a, G^a, and 63a received from the working machine attitude 
is detecting means 20a, 20b, and 20c, then outputs the result to the aforesaid computing means 1 9. The excavating 
direction determining section 1 9a determines the excavating direction by using an input value of an angle 6^, the angle 
6^ of the arm 1 2 and an angle Q A of the boom 1 1 , or an x-y coordinate system of the distal end of the ami 1 2. Specifically; 

(a) When the arm angle 82 is used for the determination: 
20 As shown in Fig. 1 4, a working area of the arm 1 2 is divided into two areas based on a certain arm angle 

This reference angle 820 ls s®* in tne excavating direction determining section 19a in advance, and this preset 
reference angle is compared with the detected value 82 of tne arm received from the working machine attitude 
detecting section 20b for the arm to determine the excavating direction. 
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620 = 60 < 6 ) 



Eq : Set value 

If 82 ^ 620, then the working area will be a farther area A and the excavation will be in the pulling direction. If 
30 82 > ®20> the" ft 6 working area will be a closer area B and the excavation will be in the pushing direction. For 

example, if 820 = 100 [deg] and a control start point is 82 = 135 [deg], then 8 2 > 8^, which means the area B; 
therefore, the excavation will be in the pushing direction. This is shown two-dimensbnally in Fig. 15. 
(b) When the arm angle and the boom angle are used for the determination: 

As shown in Fig. 16, the following boundary which divides the working area into two areas is set in advance; 

35 

f(0 10 .%o) = 0 (7) 



The boom angle 8, and the arm angle 82 are substituted for the formula (7) and it is determined whether the 
working area belongs to the area A or the area B depending on whether the left side member is positive or negative. 
The excavation will be in the pulling direction in the case of the area A, while the excavation will be in the pushing 
direction in the case of the area B. 

For example, the boundary expressed by the following formula is set: 

Me 10 .<W = e 10 + 02o -ieo = o (8) 

And if the control start point is (6,, (y = (100, 55), then 

f (0 r 8 2 ) = 100 + 55-160<0 (9), 

and the working area is determined as the farther area A, the excavation being in the pulling direction, 
(c) When conversion into the x-y coordinate system is used for the determination (part 1 ); 
From Fig. 13, the position (x, y) of the distal end of the arm is determined by 
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x = sin61 + Lg sin (G 1 + G 2 ). 

y = cos61 + L> cos (9, + 9 2 ) (10) 

5 

And the boundary for dividing the working area into two areas as shown in Fig. 1 7, which is determined by the 
formula given bebw is set in advance: 

to f(Xo,y 0 ) = 0 (11) 

And x, y are substituted for the formula (11) and it is determined to which area the working area belongs 
depending on whether the left side member is positive or negative. The excavation will be in the pulling direction 
in the case of the area A, while the excavation will be in the pushing direction in the case of the area B. 

For instance, f (Xq, y 0 ) = Xq 2 + y 0 2 - 5000 2 = 0 is set and if the control start point (x, y) is (x, y) = (7000, 200) 
which is determined by the formula (1 0), then f (x, y) = (7000 2 + 200 2 - 5000 2 ) > 0, and the working area isdetermined 
as the area A, the excavation being in the pulling direction. 

(d) When the conversion to the x-y coordinate system is used for the determination (part 2); 

From Fig. 18A, the position of the bucket nose with a point 0 of a boom top pin taken as the center of the 
coordinate is determined by 

x = Lg sin (9 1 + 9 2 - 9) + L 3 sin (9 1 + 9 2 + 9 3 - 9) (12) 

Xq = 0 is defined in advance as shown in Fig. 18B, and this is compared with the x above; if x ^ Xq, then the 
excavation will be in the pulling direction, and if x < Xq, then it is in the pushing direction. 

The boundary for dividing the working area into two areas, which is expressed by the formulas given above, 
may be fixed or it may vary according to the excavating grade or the angle of the working machine. For example, 
it is preset as follows: if the excavating grade is 9 ^ 30° , then 9^ = 100° ; and if the excavating grade is 9 > 30° , 
then = 70° . 

In addition, if the operator wishes to optionally decide the excavating direction, a changeover switch 22 is 
provided as shown in Fig. 12 and the operator sets for the pulling side or the pushing side by giving priority to the 
signal of the external input switch. In this case, the processing flow will be as shown in Fig. 19. 

According to the : embodiment, the need of entering the excavating direction among the input signals issued 
during excavating work is eliminated. This reduces operator fatigue from operation, preventing an operation error. 

Industrial Applicability 

The present invention is useful as an automatic operation mode selecting method for a working machine, which 
method eliminating the need of correcting the angle of a bucket nose by a user even when the bucket provided on a 
construction machine such as a hydraulic power shovel is replaced by any optional special bucket and enabling path 
control intended by an operator. 

Claims 

1. A method of controlling a working machine in a construction equipment, wherein a path of a distal end of a tip 
working machine (3) such as a bucket is automatically controlled to follow a target path by an actuator controlling 
meams, the tip working machine is associated with an arm (2) and the arm is associated with a boom (1), char- 
acterized in that, 

automatically determining through an excavating direction determining section (19a) whether the tip working ma- 
chine (3) is excavating in a pushing direction ( B) or a pulling direction (A) in accordance with an operating codition 
which includes an attitude or a position of the tip working machine at the beginning of automatic control. 

2. A method of selecting an automatic operation mode of a working machine according to claim 1 , wherein giving 
priority to a command signal received from an extemaJ input switch (22) in the automatic determination of the 
excavating direction of said tip working machine (3). 
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